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(54) METHOD OF CONTROLUNG AC MOTOR AND CONTROLLER 



(57) The present invention provides a control 

method of an AC motor by which, after the recovery of 
the instantaneous power failure, the phase and angular 
velocity of the residual voltage of the AC motor are 
accurately measured, and the re-operation can be 
conducted quickly and smoothly. 

That is, an electric power converter (1) to output 
the electric power to the AC motor (9), and the current 
control section by which the output current of the 
electric power converter is controlled, according to 
the difference signal of the current command signals 
idref, iqref, and the output current command signals 
idfb, and iqfb of the electric power converter, are 
provided, and when the AC motor is in the free run 
condition, the current control is conducted by forcibly 
making the current command signal zero by the 
instantaneous power failure re-start control circuit 
(1 1 ) so that the current of the AC motor is made zero, 
and according to the output voltage command signal 



calculated by using the current control section output 
at this time, the amplitude, phase and angular velocity 
of the residual voltage of the AC motor are found, and 
the re-start after the power recovery is conducted. 

FIG. t 
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Description 



[Technical Field] 

[0001] The present invention relates to a control method of an AC motor by which a speed of the AC motor is 
varied by a variable speed control apparatus to output the AC voltage, and specially to a control method and an 
apparatus by which the AC motor can be smoothly started after the return from the power failure. 

[Background technology] 

[0002] Conventionally, to speed control the AC motor, a Wf constant control method by which a ratio of the 
output voltage V and an output frequency f is made constant, is well known. Further, recently, in order to more 
accurately control the AC motor, a vector control to respectively independently control the primary current to be 
supplied to the AC motor, in the exciting current (current to generate the magnetic flux) and the torque current 
(current to generate the torque) which directly relate to the torque, is brought into the practical use. However, in 
the conventional control system, during the continuous running, the stable control is conducted, however, in the 
case where the instantaneous power failure is generated in the running of the AC motor once, and restarting after 
the instantaneous power failure is conducted, when the residual voltage of the AC motor and the phase of the voltage 
command of the variable speed control apparatus are not matched, the speed of the AC motor is rapidly changed, or a 
slip of the AC motor is increased, thereby, the over current flows, resulting in a danger such as a trip. In order 
to prevent this, it is necessary that the residual voltage of the AC motor and the phase of the voltage command of 
the variable speed control apparatus are matched, and the re-running is conducted, however, the matching of the 
phase is very difficult. Therefore, because, after the residual voltage does not exist, the angular velocity of the 
AC motor and the output frequency of the variable speed control apparatus are calculated from the speed detector, or 
the residual voltage of the AC motor is detected by the voltage detector, and by being calculated from its frequency 
component, the phases of the residual voltage and the output voltage command signal are made to coincide with each 
other, and re-running is conducted, there is a problem that the restart after the instantaneous power failure takes 
a long period of time, or a smooth re-running is difficult. 

[0003] As described above, in order to smoothly start the AC motor, there is a problem that it is necessary to 
wait that the residua! voltage does not exist, or the detector such as the speed detector or voltage detector is necessary. 
[0004] Accordingly, the object of the present invention is to provide the control method and control apparatus 
of the AC motor by which, by accurately measuring the phase and angular velocity of the residual voltage of the AC 
motor after the recovery of the instantaneous power failure, the re-running can be quickly and smoothly conducted. 

Disclosure of the Invention 

[0005] The summary of a control method and control apparatus of the AC motor of the present invention to solve 
the above problem, exists in the following (1) to (23). 

(1) A control method of an AC motor which is characterized in that: it has an electric power converter to output 
the electric power to the AC motor, and is provided with a current control section to control the output current 
of the electric power converter based on the difference signal of the current command signal and the output 
current detection signal of the electric power converter, and when the AC motor is in a free run condition, the 
current command signal is forcibly made zero so that the current of the AC motor is made zero, and current 
controlled, and on the base of the output voltage command signal which is calculated by using the current control 
section output at this time, the amplitude and phase and angular velocity of the residual voltage of the AC motor 
are obtained. 

(2) A control method of an AC motor according to (1 ), wherein, when the phase and the angular velocity of the 
residual voltage of the AC motor are obtained based on the output voltage command signal, a signal holding means 
is provided, and the amplitude, and phase and angular velocity of the residual voltage are obtained from the 
addition value of the phase command signal just before the AC motor free runs, and the phase signal of the output 
voltage command signal. 

According to this control method of the AC motor, in the case where the AC motor is in the free run condition, when 
it is controlled so that the current of the AC motor becomes zero, it is utilized as this result that the residual 
voltage of the AC motor appears in the voltage command signal, the amplitude and phase and angular velocity of the 
residual voltage of the AC motor which is in the free run condition, are obtained on the base of the phase and 
angular frequency of the this voltage command signal. Thereby, the smooth speed-return after the power failure 
recovery becomes easy. 

Further, when the phase and angular velocity of the residual voltage are searched, a signal holding means is 
provided, and because the phase and angular velocity of the residual voltage are searched from the addition value of 
the phase command signal and the phase signal of the output voltage command signal just before the AC motor free- 
runs, there is no discontinuity of the phase command signal and a disadvantage such as the mechanical shock 
occurrence can be prevented. 
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(3) A control method of an AC motor which is characterized in that: in the control method by which an arbitrary 
electric power is outputted to the AC motor by the electric power converter, and the current supplied to the 
motor is detected by the current detection circuit, and it is controlled by the current control circuit so that 

the given current command and the current detection value detected by the current detection circuit coincide to 
each other, and the switching of the electric power converter is determined from the voltage command outputted 
from the current control circuit, the electric power converter is controlled by a start control circuit so that it is 
normally operated at the start time, and the speed of the AC motor in the free run condition is estimated by a 
speed estimation circuit. 

(4) A control method of an AC motor according to (3), wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command so that the current detection value 
is made zero, is calculated, and by the time change of the voltage command, the speed estimation circuit 
estimates the speed of the AC motor. 

(5) A control method of an AC motor according to either one of (3) or (4), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and when its voltage level is lower than the set voltage 
level, after the set level DC current command is applied for a set time period from zero, the current command is 
forcibly made zero again, and by the current control circuit, the voltage command by which the current detection t 
value is made zero, is calculated, and the speed estimation circuit estimates the speed of the AC motor. 

(6) A control method of an AC motor according to any one of (3) to (5), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and when its voltage level is lower than the set voltage 

level, after the set level DC current command is applied for a set time period from zero, the current command is 
forcibly made zero again, and by the current control circuit, even when the voltage command by which the current 
detection value is made zero, is calculated, when that voltage level is lower than the set voltage level, the 
speed estimation circuit estimates that the AC motor is stopped. 

(7) A control method of an AC motor according to any one of (1 ) to (6), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command so that the 
current detection value is made zero, is calculated, and by the time change of the voltage command, the speed 
estimation circuit starts the AC motor when the estimated AC motor speed and the amplitude and the phase of the 
voltage command are made the initial value. 

(8) A control method of an AC motor according to any one of (1) to (7), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command so that the 
current detection value is made zero, is calculated, and by the time change of the voltage command, when the 
S p eec j estimation circuit starts the AC motor when the estimated AC motor speed and the amplitude and the phase 
of the voltage command are made the initial value, until the amplitude of the voltage command outputted from the 
electric power converter is brought into the voltage level corresponding to the normal induced voltage to the 
speed of the AC motor, the voltage command is gradually increased. 

(9) A control apparatus of an AC motor which is characterized in that: in the control apparatus of the AC motor 
which has the electric power converter to output an arbitrary electric power to the AC motor; the current 
detection circuit by which the current supplied to the motor is detected; the current control circuit to control 

so that the given current command and the current detection value detected by the current detection circuit 
coincide with each other; and by which the switching of the electric power converter is determined from the 
voltage command outputted from the current control circuit, the apparatus has the start control circuit, and the 
speed estimation circuit by which the speed of the AC motor in the free run condition is estimated. 

(10) A control apparatus of an AC motor according to (9), wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command so that the current detection value 
is made zero is calculated, and by the time change of the voltage command, the speed estimation circuit estimates 
the speed of the AC motor. 

(11) A control apparatus of an AC motor according to either one of (9) or (10), wherein the start control 
circuit forcibly makes the current command zero, and by the current control circuit, the voltage command so that 
the current detection value is made zero is calculated, and when its voltage level is lower than the set voltage 
level, after the set level DC current command is applied for a set time period from zero, the current command is 
forcibly made zero again, and by the current control circuit, the voltage command so that the current detection 
value is made zero, is calculated, and the speed estimation circuit estimates the speed of the AC motor. 

(12) A control apparatus of an AC motor according to any one of (9) to (11), wherein the start control circuit 
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forcibly makes the current command zero, and by the current control circuit, the voltage command so that the 
current detection value is made zero is calculated, and when its voltage level is lower than the set voltage 
level, after the set level DC current command is applied for a set time period from zero, the current command is 
forcibly made zero again, and by the current control circuit, even when the voltage command so that the current 
detection value is made zero, is calculated, when its voltage level is lower than the set voltage level, the 
speed estimation circuit estimates that the AC motor is stopped. 

(13) A control apparatus of an AC motor according to any one of (9) to (12), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and by the time change of the voltage command, the speed 
estimation circuit makes the estimated speed of the AC motor and the amplitude and phase of the voltage command 
the initial value, and starts the AC motor. 

(14) A control apparatus of an AC motor according to any one of (9) to (1 3), wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and by the time change of the voltage command, when the 
speed estimation circuit makes the estimated speed of the AC motor and the amplitude and phase of the voltage 
command the initial value, and starts the AC motor, the amplitude of the voltage command outputted from the 

15 electric power converter is gradually increased up to the voltage level corresponding to the normal induced 

voltage to the speed of the AC motor. 

(15) A control method of an AC motor according to (3), wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is larger than the set voltage level, by the time 
change of the phase of the voltage command, the speed estimation circuit estimates the speed of the AC motor, and 
as the initial value when the electric power converter is started, the amplitude and phase of the voltage command 
and the frequency corresponding to the speed estimation value of the AC motor are set, and the electric power 
converter is started. 

25 (16) A control method of an AC motor which is characterized in that: the apparatus has an electric power 

converter to output the electric power to the AC motor; the current control section to control the output current 
of the electric power converter based on the difference signal of the current command signal and the output 
current detection signal of the electric power converter; and when the AC motor is in the free run condition, the 
arbitrary DC current is supplied to the AC motor for a set time period, and the frequency component appeared in the 
output current detection signal of the electric power converter is detected, and from the frequency component, 

30 the speed of the AC motor is estimated. 

(17) A control method of an AC motor according to (3), wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when its vottage level is lower than the set voltage level, the set level 
35 DC current command or the set level DC voltage command is applied for a set time period from zero, and the speed 

estimation circuit detects the frequency component appeared in the current detection value, and this frequency 
component is estimated as the speed of the AC motor, and as the initial value when the electric power converter 
is started, the frequency corresponding to the speed estimation value of the AC motor is set, and the electric 
power converter is started. 

40 (18) A control method of an AC motor according to (3), wherein the start control circuit forcibly makes the 

current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 
command value is changed from zero to the set level DC current command value, and this is applied for a set time 
, period, and after that, the sign and amplitude of the current command are changed, and it is applied for a set 
time period. A control method of an AC motor is characterized in that, at this time, the speed estimation circuit 

45 detects the frequency component appeared in the current detection value, and it estimates the frequency component 

as the speed of the AC motor, and as the initial value when the electric power converter is started, the 
frequency corresponding to the speed estimation value of the AC motor is set, and the electric power converter is 
started. 

50 (19) A control method of an AC motor according to (3), wherein the start control circuit forcibly makes the 

current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 
control is stopped, and the DC voltage command is applied in the arbitrary direction for a set time period, and 
after that, the arbitrary amplitude current command is given in the direction in which the phase is changed by 
1 80 ° from the command direction of the DC voltage, and the current control is conducted again for a set time 

55 period. A control method of an AC motor characterized in that, at this time, the speed estimation circuit detects 

the frequency component appeared in the current detection value, and estimates the frequency component as the 
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SSod. Thf "ntTapparatus of the AC motor *«JSSS3S value and estimates the frequency component 
started. 

Brief Description of the Drawings 
of the present invention- 

x o ^^eo/^ nhase converter shown in Hg. i . 
Fio 2 is a block diagram showing the structure of a 2 phase/3 phase 
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output voltage command and phase (at the time of reverse rotation) of the current controller. 

Fig. 8 is a block diagram of the control apparatus of the AC motor according to the fourth embodiment of the 
present invention. 

Figs. 9(a) to 9(c) show the diagrams showing a variation (normal rotation) of the current detection value when a 
d-axis voltage is given to the AC motor. 

5 

Figs. 10(a) to 10(c) show the diagrams showing a variation (reverse rotation) of the current detection value 
when the d-axis voltage is given to the AC motor. 

Fig. 1 1 is a block diagram of the control apparatus of the AC motor according to the fifth embodiment of the 
w present invention. 

Fig. 12 is a diagram showing a variation (normal rotation) of a torque current detection value when an exciting 
current command is given to the AC motor. 

Fig. 13 is a diagram showing a variation (reverse rotation) of the torque current detection value when the 
15 exciting current command is given to the AC motor. 

[0007] In this connection, as a reference numeral in the drawings, numeral 1 is an electric power converter, 
numeral 2 is a current vector control circuit, numeral 3 is a3 phase/2 phase converter, numeral 4 is a primary 
angular frequency calculation circuit, numeral 5 is an exciting current control circuit, numeral 6 is a torque 
current control circuit numeral 7 is a 2 phase/3 phase converter, numeral 8 is a voltage pattern producer, numeral 9 
is an AC motor numeral 10 is an integrator, numeral 1 1 is an instantaneous power failure re-start control circuit, 
numeral 12 is a magnetizing current command switching unit, numeral 13 is a torque current switching unit, numeral 
14 is a phase command switching unit, numeral 15 is a signal holding circuit, numeral 70 is a voltage command 
amplitude calculator numeral 71 is a voltage command phase calculator, numeral 72 is a voltage command converter, 
numeral 201 is an electric power converter, numeral 202 is an AC motor, numeral 203 is a current detector, numeral 
204 is a current coordinate converter circuit, numeral 205 is a torque current control circuit, numeral 206 is an 
exciting current control circuit, numeral 207 is a phase calculation circuit, numeral 208 is a V/f converter circuit, 
numeral 209 is an output voltage calculation circuit, numeral 210 is a switching pattern generation circuit, numeral 
21 1 is an instantaneous power failure re-start control circuit, numeral 212 is a speed estimation circuit, numeral 
21 2A is a speed estimation circuit(when the residual voltage exists), and numeral 212B is a speed estimation circuit 
(when no residual voltage exists). 

Best Mode for Carrying Out the Invention 

[0008] Referring to the drawings, the present invention will be described below. Initially, referring to Fig. 1 
35 to Fig 3 the first embodiment of the present invention will be described. Fig. 1 is a block diagram of the variable 
speed control apparatus of an AC motor according to the first embodiment of the present invention, and Fig. 2 is a 
block diagram showing a structure of a 2 phase/3 phase converter shown in Fig. 1. Further, Fig. 3 is a view showing 
an operation waveform in the free run condition of the AC motor shown in Fig. 1 . 

[0009] In Fig. 1 , in the variable speed control apparatus, an electric power converter 1 by which, after an AC 
power source from the 3 phase AC power source is converted into a DC power, it is converted again into the AC power 

40 of an arbitrary frequency and voltage by an inverter by the PWM control system, and this primary frequency and the 

primary voltage are supplied to an AC motor 9; a current vector control circuit 2 by which, a speed command signal cor 
ref inputted from the outside is inputted, and from an exciting current detection value idfb outputted from a 3 
phase/2 phase converter 3 and a torque current detection value iqfb, a speed estimation signal a>r is obtained; the 3 
phase/2 phase converter 3 by which the primary current (U phase current iu, W phase current iw) to the AC motor 9 is 

45 detected, and the exciting current detection value idfb which is coordinate-transformed, and the torque current 
detection value iqfb are sent out; a primary angular frequency calculation circuit 4 by which, from the speed 
estimation signal ©r from the current vector control circuit 2, it is calculated into the primary angular frequency signal ©1 
and outputted- an exerting current control circuit (ACR d)5 by which the exciting current directional voltage provided 
so that the exciting current command value id ref and the exciting current detection value idfb from the 3 phase/2 
phase converter 3 coincide with each other, is controlled; a torque current control circuit (ADR q) 6 by which the 
torque current directional voltage provided so that the torque current command value iq ref outputted from the 
current vector control circuit 2 and the torque current detection value iqfb outputted from the 3 phase/2 phase 
converter 3 coincide with each other, is controlled; a 2 phase/3 phase converter 7 by which the PWM signal of the 
voltage command signal (Vuref, Vvref, Vwref) of each phase of U, V, W is generated and outputted; a V/f converter 
circuit 208 by which the induced voltage command signal Eref is made so that the induced voltage of the AC motor is 

55 compensated based on the primary angular frequency signal <o1 from a primary angular frequency calculation circuit 
4- an integrator 10 by which the primary angular frequency signal col from the primary angular frequency calculation 
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circuit 4 is integrated in the same manner; an instantaneous power failure detection re-start control circuit 1 1 by 
which, after the instantaneous power failure is detected, the procedure up to the re-running is controlled; a 
magnetizing current command switching unit 12 by which, by the instantaneous power failure signal from the 
instantaneous power failure detection re-start control circuit 11 , the exciting current command value is switched; a 
torque current command switching unit 13 by which, in the same manner, by the instantaneous power failure 
signal, the torque current command value is switched; and a phase command switching unit 14 by which, in the same 
manner, by the instantaneous power failure signal, the phase command signal is switched, are provided. 

5 [001 0] In this connection, the output signal of the exciting current control circuit (ACR d) 5 becomes the d- 
axis voltage command value Vdref, and the additional value of the output signal of the torque current control 
circuit (ACR q) 6 and the output signal Eref of the V/f converter circuit 208 becomes the q-axis voltage command 
value Vqref. Further, the output signal of the integrator 10 is inputted into the 3 phase/2 phase converter 3 and 
the 2 phase/3 phase converter 7 as the phase command signal 0. In Fig. 2, a voltage command amplitude calculator 

10 70 which calculates the amplitude |V1 1 of the output voltage command signal V1 , as |V1 1 = (Vdref 2 + Vqref 2 ) 1/2 , from 
the d-axis voltage command value Vdref and the q-axis voltage command value Vqref, a voltage command phase 
calculator 71 which calculates the phase signal y of the output voltage command signal V1 , as y = tan ' 1 (Vqref/Vdref), 
and a voltage command converter 72 which converts them into the voltage command signals Vuref, Vvref, Vwref of 
each phase of the U, V, W, from the amplitude |V1 1 of the output voltage command signal V1 and phase y and inputted 

15 phase command signal Q, as Vuref = |V1| x cos ( 0 + y), Vvref = |V1| x cos ( 0 + y +120°), and Vwref = |V1 1 x cos 
( 0 + Y +240°), are provided. 

[001 1] Next, the operation will be described as follows. 

[001 2] The voltage command signal when the current of the AC motor 9 is zero coincides with the residual 
voltage of the AC motor. Because, the current flows between 2 points between which the potential difference exists. 

20 Accordingly, the status in which the current between the electric power converter 1 and the AC motor 9 is zero, 
shows that, between the output voltage of the electric power converter 1 and the voltage of the AC motor 9, the 
potential difference does not exist, that is, they are at the same voltage value. In this case, the 2 axes 
perpendicular to each other, that is, because the current control is individually conducted by separating them into 
the exciting current and torque current directions, in each component voltage of the 2 axes perpendicular to each 
other, the output of the electric power converter 1 and the voltage of the AC motor 9 are also coincide with each 

25 other! As the result, in the residual voltage of the AC motor 9, aiming that the respective component voltage of the 

2 axes perpendicular to each other appears as the d-axis voltage command value Vdref and q-axis voltage command 
value Vqref, in the present embodiment, the phase and angular velocity of the residual voltage of the AC motor are 
detected, and the re-start operation at the time of the instantaneous power failure is conducted. In the specific 
operation when the re-start is conducted at the time of recovery of power after the instantaneous power failure is 
generated, when the instantaneous power failure re-start control circuit 1 1 detects the instantaneous power failure, 
the instantaneous power failure signal is inputted into the magnetizing current command switching unit 12, torque 
current switching unit 13, and phase command switching unit 14. When the instantaneous power failure signal is 
inputted, the magnetizing current command switching unit 12 switches the exciting current command value idref into 
zero, and in the same manner, torque current switching unit 13 switches the torque current command value iqref into 
zero! and phase command switching unit 14 switches the phase command signal 0 into zero. Accordingly, the output 

35 as the following expressions is conducted. 

idref = 0 
iqref = 0 



40 



0 = 0 



[0013] After the above operation, when the current control is conducted by the exciting current control circuit 
5 and the torque current control circuit 6, the current control is conducted so that the current of the AC motor 9 
becomes zero. When the current of the AC motor 9 becomes zero by the current control, the voltage is balanced, and 
the component voltage of 2 perpendicular axes of the residual voltage of the AC motor 9 appear as the d-axis voltage 

45 command value Vdref and the q-axis voltage command value Vqref. 

[0014] Because the output y of the voltage command phase calculator 71 shown in the drawing, into which this d- 
axis voltage command value Vdref and the q-axis voltage command value Vqref are inputted, coincides with the phase 
of the residual voltage of the AC motor 9, the phase of the residual voltage of the AC motor 9 can be easily 
obtained by the output y of the voltage command phase calculator 71 , and the angular velocity of the residual voltage 
can be easily obtained by the changing amount per unit time of the output y of the voltage command phase calculator 

50 71 In the same manner, this d-axis voltage command value Vdref and the q-axis voltage command value Vqref are the 
input. The output |V1 1 of the voltage command amplitude calculator 70 shown in Fig. 2 coincides with the amplitude 
of the residual voltage. When the above operations are completed, the instantaneous power failure re-start control 
circuit 1 1 sets the output y of the voltage command phase calculator 71 as the initial value to the integrator 10, and 
sets the changing amount per unit time of the output y of the voltage command phase calculator 71 to the speed 

55 estimation signal ©r in the current vector control circuit 2, and sets the output |V1 1 of the voltage command 
amplitude calculator 70 to the Eref of the output of the V/f converter circuit 208, and the relief signal of the 
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instantaneous power failure signal is respectively inputted into the magnetizing current command switching unit 12, 
torque current switching unit 13, and phase command switching unit 14. After the magnetizing current command 
switching unit 12 and torque current switching unit 13 respectively switch the exciting current command value idref 
and torque current command value iqref to each current command signal which is the output signal of the current 
vector control circuit 2, and the phase command switching unit 14 switches the phase command signal e to the output 
signal of the integrator 10, they are operated again, and continuously drive the AC motor 9. 

5 [0015] Fig. 3 is an example of the operation waveform when the operation principle as described above is applied 
to the AC motor 9 which is free-run in the normal rotation direction, and Fig. 3(a) is a voltage command signal 
waveform, and Fig. 3(b) is a view showing the phase y. As shown in Fig. 3(a), when the AC motor 9 is in the normal 
rotation, the d-axis voltage command value Vdref advances by the phase 90° to the q-axis voltage command value 
Vqref, and the amplitudes of respective voltage signals attenuate as the passage of time. Further, in the case of 
Fig. 3(b), it is the case where the output y of the voltage command phase calculator 71 is rotated in the positive side. 

10 Further, although not shown, when the AC motor 9 is in the reverse rotation, the d-axis voltage command value Vdref 
is delayed by the phase 90° to the q-axis voltage command value Vqref, and the amplitude of respective voltage 
signals attenuates as the passage of time in the same manner, and the output y of the voltage command phase 
calculator 71 is rotated in the reverse side. In this connection, up to this case, it is described that, when the 
current of the AC motor 9 becomes zero, the residual voltage of the AC motor 9 appears as the d-axis voltage command 

iS value Vdref and the q-axis voltage command value Vqref, however, even when the current of the AC motor 9 does not 
perfectly become zero, the detection of the phase and angular velocity can be conducted. 

[0016] Next, referring to Fig. 4, the second embodiment of the present invention will be described. Fig. 4 is a 
block diagram of the variable speed control apparatus of the AC motor according to the second embodiment of the 
present invention. The second embodiment shown in Fig. 4 is an improved example to avoid the disadvantages because 
the disadvantages are generated sometimes, in which, in the operation of previous embodiment shown in Fig. 1, in 
20 order to switch the phase command switching unit 14 to zero at the time of generation of the instantaneous power 

failure, the phase command signal e becomes discontinuous, thereby, the mechanical shock is generated, or the DC 
voltage of the electric power converter 1 becomes the over voltage, thereby, the variable speed control apparatus 
trips. In the second example in Fig. 4, the different structure from Fig. 1 is as follows: by the instantaneous 
power failure signal outputted from the instantaneous powerfailure re-start control circuit 1 1 , in place of making 
the phase command signal 0 zero, a new signal holding circuit 15 is provided, and in the signal holding circuit 15, 
the primary angular frequency signal is held, and the held value is inputted into the V/f converter circuit 208, 
and the integrator 1 0, and when restarted by the recovery of power failure, in place of the case in which the phase 
of the AC motor 9 is obtained by the output y of the voltage command calculator 71 , and the angular velocity of the 
residual voltage is obtained by the changing amount pert unit time of the output y, the phase of the residual voltage of 
the AC motor 9 is obtained by the addition value of the output y of the voltage command calculator 71 and the phase 
command signal e, and the angular velocity of the residual voltage is obtained by the changing amount per unit time of 
the addition value of the output y and the phase command signal 9- In this connection, other same structures as in 
Fig. 1 are denoted by the same reference numbers, and double explanations will be neglected. 
[0017] Next, the operation will be described. 

[0018] In also the structure in Fig. 4, in the same manner as in Fig. 1 , at the time of the instantaneous power 
failure, the current of the magnetizing current command switching unit 12 and the torque current switching unit 13 
is switched into zero by the instantaneous power failure signal, and by the exciting current control circuit 206 and 
the torque current control circuit 6, the current control is conducted so that the current of the AC motor 9 becomes 
zero, and because the voltage component of 2 perpendicular axes of the residual voltage appears as the d-axis 
voltage command value Vdref and the q-axis voltage command value Vqref, and as shown in Fig. 2, the phase of the 
40 residual voltage of the AC motor is obtained by the addition value ( 0 + y) of the output y of the voltage command phase 
calculator 71 and the phase command signal 0, and the angular velocity is obtained by the changing amount per unit 
time of the addition value ( 0 + y). In this case, because the primary angular frequency ©1 is switched to the held side 
by the signal holding circuit 15 at the time of instantaneous power failure, the primary angular frequency ©1 from the 
signal holding circuit 15 is added to the integrator 10, and the phase command signal 0 is continuously outputted from 
the integrator 10, and the addition value ( 0 + y) is obtained. By this operation, because the discontinuous operation of 
the phase command signal 0 at the time of instantaneous power failure occurrence does not exist, the occurrence of 
the mechanical shock or the trip of the variable speed control apparatus can be avoided. 
[0019] Further, in the re-start after the power recovery, by conducting the same recovery procedure as in Fig. 1 , 
when the re-start is conducted and the AC motor 9 is driven, the quick and smooth re-start becomes possible, and the 
situation in which the inverter stop by the instantaneous power failure results in the stop of the whole equipments 
50 of the production line, and the damage is expanded, can be avoided. 

[0020] In this connection, in the present invention, in order to remove the discontinuity of the phase command 
signal 0 at the generation time of the instantaneous power failure, the holding circuit 15 is provided, thereby, the 
primary angular frequency is held, however, in place of the holding circuit 1 5, a command switching unit is provided, 
and at the generation time of the instantaneous power failure, even when the primary angular frequency is also 
55 switched to zero, because the discontinuity of the phase command signal 0 can be removed, the same effect as in the 
present invention can be obtained. 
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Sol in which the exciting current ^.^J^^^^^S^ to conduct the V/f constant control, at 
controlled, is described, however m also the ^£ J^^e wh^e the current control section by which 
the time of re-start after the instantaneo us power fail wn me lndep endently controlled, .s added, 

rn^pS^ 

Sf^ucture of the third embodiment of the cont r ^ 

apparatus of the motor in the present embod^ent » ™ current control circuit 205; exerting 
current detector 203; current coordinate ^nve s.on arc "J 204 d output voltage ca | CU iat,on 

current control circuit 206; phase calculation c r S"5^L^n wus power failure re-start control circuit 21 1 , and 
circuit 209; switching pattern generation circuit 210 ^^f°^ e!ts tne DC voltage into which the 3 phase AC is 
speed estimation circuit 212. The electric ^^^^SSSf? and voltage by the PWM control system, and 
converted by the power element, into the AC of the "5™*^ the current supplied to the AC motor 202. 
supplies it to the AC motor 202. The current detecto r W«* fay ^ mt detector 203 

[0023] The current coordinate conv^ion c ro 204 ^ a a ^ jdfb 

into the torque current detection value W a "*^"®£^ m9 first q .axis voltage command value Vqref so hat 
[0024] The torque current control c.rcu. 205 ^«J™^t detection value idfb coincide with each other, 
he given torque current command value '^ ref .f n ^j c ^ s X7axis voltage command value Vdref so that the 
[0025] The exciting current control circu .206 ^If^^on value idfb coincide with each other, 
given exerting current command value idref and ^ ««JJ0 cu integrating the given frequency f 1 . 

K ^eCc^ 
he output of the torque current control circuit 205 ^J' ref and fr0 m the second q-axis voltage 

voltage phase ev are outputted. Homines the switching pattern of the electric power 
the voltage phase ev and the phase e are added converter 201 „ that rt 

looT Next, before explaining the operation ^S^SSiSSS ^SSSST ^ 
aSoccurrence, by using the relation^ .of ft. ^J^g^SSM^ ™ condition will be desenbed. 
command and phase, the method to estate £e ^^. maarttaneous power failure during the normal 
The AC motor 202 in the free run condition atheje<, ( tne . d as the left view a t the rotation 

operation generates the residual voltage, and the locus ^ ™ ^^ ve(ter 201 is s t arte d to be operated irrespective 
speed of the AC motor 202. Therefore when the e ect ic P°£erc ^ ^ ^ e)ect r 

40 of the condition of the AC motor 202, the currer £ c ' r ^ e ^ e m V ^?202 and the amplitude, phase and frequency of the 
ronverter 201 However, when the residual voltage of the AO mo ror ^ circulate. In order to 

output voltage of the electric power converter c °'" c '^ wrth each ^ ^ the curren ^ ^ ^ cufrent 

make the current circulating between the elect nc \^^?£^Me*uew f1 are set to zero, and in the 
command value iqref and the exct.ng current comman d ™ an ° 6 * £ controlled so that the 
torque current control circurt 205, and I exctong ^^^SSSS!vt flowing to the AC motor 202 
torque current detection value .qfb and exerting current detection ^ ^ g 

shown in Fig. 6(b) upper side view. outputted from the phase calculation circurt 207 is 

phase ev. The output voltage command value VI reT expr 
H ^a CP nf the residual voltage. 
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phase ev. i UK uuipui w.^a 

55 phase ev expresses the phase of the residual voltage. 
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[0035] Therefore, as shown in Fig. 6(b) lower side view, when the time change of the phase of the residual 
voltage is measured at every time, the speed estimation circuit 212 measures the frequency of the residual voltage. 
Because the frequency of the residual voltage coincides with the rotation speed of the AC motor 202, the rotation 
speed of the AC motor 202 in the free run condition can be estimated. Although Fig. 6 is considered about the case 
where the AC motor is normally rotated, when the AC motor is reversely rotated, because only the rotation direction 
of the phase of the residual voltage is different, it can be considered in the same manner. This is shown in Fig. 7. 
5 In this manner, when the residual voltage is measured, including the rotation direction of the AC motor, the 
rotation speed can be estimated. 

[0036] Next, the operation when the re-start is conducted at the time of the power recovery after the 
instantaneous power failure, will be described. When the instantaneous power failure occurs during the operation of 
the AC motor 202, the electric power converter 201 stops the operation, and the AC motor 202 is in the free run 
condition. When the power is recovered, and the electric power converter 201 is in the operable condition, the 
10 instantaneous power failure re-start circuit 21 1 forcibly makes the torque current command value iqref and the 

exciting current command value idref and the frequency zero. Then, the zero current control is conducted, and the 
output voltage command value V1 ref and its voltage phase 0v which are the amplitude and phase of the residual 
voltage of the AC motor 202, are calculated from the output voltage calculation circuit 209. 

[0037] The instantaneous power failure re-start control circuit 21 1 , when the output voltage command value V1 ref 
15 outputted from the output voltage calculation circuit 209 is larger than the arbitrary set voltage level, makes the 
voltage phase Gv the input, and the speed estimation circuit 212 controls that the estimation value fr of the 
rotation speed of the AC motor is outputted. 

[0038] When the output voltage command value V1 ref outputted from the output voltage calculation circuit 209 is 
smaller than the arbitrary set voltage level, because the AC motor 202 is stopped or rotated at the low speed, it 
can not be judged whether the output voltage command value V1 ref is small, or the AC motor is rotated at the high 

20 speed but the residual voltage is reduced small, because the instantaneous power failure time is longer than the 
secondary constant of the AC motor. Therefore, the instantaneous power failure re-start control circuit 21 1 flows 
the arbitrary level DC current for an arbitrary set time, and tries the excitation again, and the zero current 
control is conducted once more, and calculates the output voltage command value V1 ref and its voltage phase ev 
which are the amplitude and phase of the residual voltage of the AC motor 202, from the output voltage calculation 

25 circuit 209. 

[0039] Then, when the output voltage command value V1 ref outputted from the output voltage calculation circuit 
209 is larger than the arbitrarily set voltage level, the instantaneous power failure re-start control circuit 21 1 
makes the voltage phase ev as the input, and the speed estimation circuit 212 controls that the estimation value fr 
of the rotation speed of the AC motor is outputted. 

[0040] After the re-exciting is conducted, when the output voltage command value V1 ref outputted from the output 

30 voltage calculation circuit 209 is smaller than the arbitrarily set voltage level, the instantaneous power failure 

re-start control circuit 21 1 makes the voltage phase ev as the input, and the speed estimation circuit 21 2 controls 
that it is judged that the AC motor is stopped. As described above, the instantaneous power failure re-start control 
circuit 21 1 observes the output voltage command value V1 ref outputted from the output voltage calculation circuit 
209, and when the speed estimation circuit 212 makes the speed of the AC motor as the output value of the estimation 

35 value the instantaneous power failure re-start control circuit 21 1 stops the zero current control, and enters in 

the normal operation condition. When the condition is shifted from the zero current control condition to the normal 
operation, even when only the frequency f1 is made to coincide and the electric power converter 201 is started, the 
over current flows in the AC motor, thereby, there is a possibility that the smooth start can not be conducted. In 
order to prevent this, the amplitude and phase of the residual voltage in the zero current control may be continued 
even at an instance when the zero current control is shifted to the normal operation. The instantaneous power 

40 failure re-start control circuit 21 1 controls that the initial value is set to the output voltage command value V1 ref of 

the electric power converter and the electric power converter output phase e deg and output frequency f 1 The output 
voltage command value V1 ref of the electric power converter sets the output voltage command value V1 ref calculated 
by the output voltage calculation circuit 209 in the zero current control. Herein, because the residual voltage 
measured by the zero current control is the induced voltage e of the AC motor 202, as the initial value of the 

45 output voltage Eref of the V/f converter 208, the output voltage command value V1 ref calculated by the output 
voltage calculation circuit 209 is set in the zero current control. The initial value of the output frequency f1 
sets the estimation value fr of the rotation speed of the AC motor 202 outputted by the speed estimation circuit 212. 
[0041] In the normal operation condition, although the electric power converter output phase e deg is controlled 
on the basis of the phase of the magnetic flux of the AC motor 202, during the zero current control, because the 
phase of the induced voltage e of the AC motor 202 is outputted, the phase advances by 90° at the time of normal 
50 rotation, and the phase is delayed by 90° at the time of reverse rotation. Accordingly, the initial value of the 

electric power converter output phase e deg, after the phase is corrected by 90° corresponding to the rotation 
direction from the last phase of the zero current control, the value in which the advanced amount of the phase is 
corrected, by the estimation value fr of the rotation speed of the AC motor 202 outputted by the speed estimation 
circuit 212 is set When the initial value of the output voltage Eref of the V/f converter 208 is smaller than the 
55 normal induced voltage of the AC motor 202, the instantaneous power failure re-start control circuit 21 1 controls 
that the initial value of the output voltage Eref of the V/f converter 208 is gradually increased until it 
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circuit 21 1 is completed. eh „ winn the structure of the fourth embodiment of the control 

TO042] Further. Fig. 8 is a block diagram J^^^^SSus of the motor in the present embodiment .s 
apparatus of the AC motor in the present i mventior. The control appara ^ conversion 

provided with: the electric power ~^ r 0 | 01 ^ n TSert wntrol circuit 206; phase calculation circuit 207. 
circuit 204; torque current control ^J^WJ^ switching pattern generation c.rcurt 210 
V/f converter circuit 208; output vortage ca leu a tor i a cu,t f d estim a ation circuit 212B. In the fourth 
instantaneous power failure re-start con tool arcu. 1 21 1 a« dJP eea djmenti tne exp ,anation « omrtted. Jhe speed 

e ?Tn e SS21^ eStimati ° n CirCUft212B ° f th6f0Urt emb0d ' menthaS 

[0043] Next, by using the change of the current detection ^*™™™ oM when n0 residual voltage exists, 
n Rg. 9. a method ^ which the speed ^£^^Ko3*" of the instantaneous 0 wer 

is estimated, will be described. The AC motor in ine ii r failure time is longer than the 

faS gene ates the residual voltage. ^^^^S^SSS!Smpp^. In this case, in the third 
secondary circuit time constant of the AC motor the ^™J^ re % the fourth embodiment, the exciting 
embodiment, the speed of the AC motor can not bees ma JJ^S « °f the secondary current transient^ 
current is circulated in to the AC motoi ^^^J* SscS, and the speed of the AC motor « estimated, 
circulating in the rotor when the magnetic *« » "P » « ■ excjtj current command idref 

100441 initially, in order to excite the AC motor, a set values ; gwe ^ drcujt 2Q6 contro|s 

K I zero is respectively given to the ^SSSSS^^^S^m command idref. In order to 
so that the exciting current detection value idfb c ° ™™*^™ c * cuit 20 | doe s not control. When if the motor is in 
Obtain the motor speed information, the torque curre nt ^^ d ^^onW the primary resistance drop voltage the 
toe stopped condition, because the voltage necessary for the £ax.s ™ P value and the q-ax.s voltage 

p" resistance drop voltage is given to *°*™*?^™£™ZZ^, the frequency is also made zeroes is 
command Vq* is made zero. Because the speed o f the AC f motor. |r ^ case when the AC 

eauh/alent to a case where the DC voltage command Vdr e '» (jvjn MB an y m Qf the tQ 

S rotated, the torque current detection value ^changes* in^ condition. When the 

cu°*nt detection value iqfb coincides with ^^fiE^X^*** AC m ° t0r 202 cm "* ^ 
frequency of this torque current detection ^^"^™nnU rotated, is considered, but in a case where the 

&ris^^^^ 

i£ torque current va'lue iqfb is different ™^^^ 0 ^ curren t detection value idfb is more 
[0046] In this manner, in the case of normal rotation, toe ex 9 ^ excjtjng cur , 

KSeed than the torque current 'Sf^^^^^S^ **>■ * his mann ^ Wh f " D ° 
detection value idfb is more delayed than * e torque cu JJJ* atjon djrection of the AC motor, 

voltage is applied, the rotation speed can be •*£jj£ e J£Sii the amplitude is hardly generated in the exerting 
[0047] When the free run speed of the motor ■ i low ° eca . b thjs method . However, when the 

cunent detection value idfb, the rotation direction can not be defect* I on y y ^ ^ ^ ^ , 
motor is rotated, the sinusoidal ^tZ^o^e^^te case of reverse rotation, it begins from the 
rotation, the sinusoidal signal begins ft . om r ^ n P ^ be detected depending on from which phase it begins, 
phase 0°. in this manner, the rotation js Covered after the instantaneous power failure 

100481 The operation in the case where the electr c power 2Q2 |g operatedi the 

occurs will be described. When the instantaneous ™ re ^^£J me . the free run condition. When the 

elect fc Power converter 201 stops the operation «"^^ctor202 » ^ ^ jnstantaneous power 

power source recovers and the electric power c°^201 becomes ™ m ?*££ 
failure re-start circuit 21 1 makes the torque ^"^"^^J is conducted, and from the output voltage 
^r^-S^ evwhicharetheamplrtudeand 

tot pSsTof the residua, voltage of the AC ^^^S^ from the output voltage calculation circuit 209 is 
100491 When the output voltage command value VI ret °™Pu™ , jrcujt 21 1 can not 

smalfer than toe arbitrarily set vortage level, the 'nstantoneous powe^ failure re start ^ ^ 

judge hat because the AC motor 202 stops £ « ^ * '^Kauae toe instantaneous power failure time is 
V1 ref is sr^all, or although the AC motor ms rotat ad at hgh speed. , *e y ^ ge js d ed . Tner e ore. when 

longer than toe secondary time constant of toe AC motor DC voltage of toe arbrtrary level for an 

the instantaneous power failure re-start contool c.rcurt . 21^rnpr ^ gnd the torque 

arbitrarily set time period, the DC current flows, and the grange, controlled that the 

curS detection value iqfb are inputted into toe ^^SS^S^^ described meth ° d *t 
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speed estimation value outputted ^om the speed ^ 

201 however, when the AC motor .s started by gwing me and there is a possibility tha the 

To the rotation speed of the AC motor, the over ™ n **^£X*artaneoxk power failure restart control circurt 
smooth start can not be conducted. In ^^^ft ^Stcreased'until it corresponds to the normal 
21 1 controls that the output voltage of the V/f convener a 

induced voltage of the AC motor 202. considered that only the exciting current control circurt 206 

[0050] In the above described embod.ments JJ»^J «™ y efated or neither curr ent control 
s operated, however, only the torque -^^g^SdSy als 0 P be *en to the q-axis direction^ 
circuits may also be operated. Further, the DC vortage ^ y ^ be des ed F 1 1 

[00511 Next, referring to the «f^£lei control apparatus of the AC motor in the 
s a block diagram showing the structure ^^^^Tr^Urt^bodhn-rt is provided with: the electric power 
present invention. The control apparatus of £e motor ,r . the P"» conversion cjrcu it 204; torque current control 

converter 201 ; AC motor 202; ^"^S^SS^S^ <* cuit 207 "> W ^ 2 ° '' °S 

1^^^"^^^ ***** inStantan60US POW6r " 6 

control circuit 21 1 , and speed estimation circurt 212. whjch ^ 3 phase AC is convert ed by the 

;r05 A 3 r OtO - current detector 203 detects the 

conversion circuit 204 separates the current detected by the ™ ™* drcujt 205 calculates the 

gLn '.xctng »- command value '**£**H«JX „ inw ,«n 9 tha glvan frequency fl 

The phase calcrlarion ^^^^oC Bef corresponding to tha Induc.d voirag. of «h. AC 
The V/f conversion circuit 208 calcuiaxes me vuu y 

■a. — . . . i \ / _£ a . »k,i ic tho 
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[0055] 
[0056] 
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[005b] l lie v/i uunv&i«' v "' 

25 motor from the given frequency f1 ir „ llt o 09 adds the first q-axis vortage command value Vqref which is the 

201 from the electric converter output pnase «u By 

phase ev and phase are added to each other. e|ectrjc convert er 201 so that 

f 0 0591 The instantaneous power •fa.lure r ^ ™£d, when the re-start is conducted after the 

t is normally operated, after the instantaneous ^™Xfthe operation command is inputted. 

ST Next,themethodtoestimatethesp^ 

Sal voltage, will be described by «^ c ^^^SS«on due to the instantaneous power tenure 
40 given to the AC motor in Fig. 12. The AC motor 202 m»e we ' fe r thgn the secondary 

End th. "0,0 1 reepectM, given to "Si mXSng current command W tor a 

206 controls so that tho .xc*ng current Jf^» n " a '™,'S." cl , n „ CT „ e nt oommand idrof are changed, and tha 
set time period. After that, tha »gn and the amr»"de °l d wormation. the torque currant 
Jon rol is conducted for the set time perrod. In order to " h ^ „ tege command are made 

50 c°n t o 5S 205 is not controlled The d-axr. ^.^^^"SSTio. In this case, when the AC motor 
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measuring the frequency of this torque current detection value iqfb, the speed of the AC motor 202 can be detected. 
[0063] Although, in Fig. 12, a case where the AC motor 202 is normally rotated, is considered, when the AC motor 
202 is reversely rotated, the wave form as shown in Fig. 13 is obtained. As described above, when the sign of the 
exciting current command idref is positive, in the case of the normal rotation, the phase of the torque current detection 
value iqfb begins from 0°, and in the case of the reverse rotation, the phase begins from 1 80°. As described above, 
when the exciting current command idref is given and controlled, including the rotation direction of the AC motor 

5 202, the rotation speed can be estimated. 

[0064] Next, the operation when the re-start is conducted due to the power recovery after the occurrence of the 
instantaneous power failure, will be described. When the instantaneous power failure occurs during the operation of 
the AC motor, the electric power converter 201 stops the operation, and the AC motor 202 becomes the free run 
condition. When the power source is recovered, and the electric power converter 201 becomes the operable condition, 
the instantaneous power failure re-start control circuit 21 1 forcibly makes the torque current command value iqref 

10 and exciting current command value idref and frequency f 1 zero. Then, the zero current control is conducted, and 

from the output voltage calculation circuit 209, the output voltage command value V1 ref and its voltage phase ev which 
are the amplitude and phase of the residual voltage of the AC motor, are calculated. The instantaneous power failure 
re-start control circuit 21 1 can not judge, when the output voltage command value V1 ref outputted from the output 
voltage calculation circuit 209 is smaller than the arbitrarily set voltage level, because the AC motor 202 is 

15 stopped or rotated at the low speed, whether the output voltage command value V1 ref is small, or whether, although 

the AC motor is rotated at high speed, because the instantaneous power failure time is longer than the secondary time 
constant of the AC motor 202, the residual voltage becomes small. Therefore, after the instantaneous power failure 
re-start control circuit 21 1 gives the DC current command to the exciting current command value idref for an 
arbitrarily set time period, the sign and amplitude of the DC current command are changed and the current control is 
conducted, and the torque current detection value iq is inputted into the speed estimation circuit 212, and it is 

20 controlled that, by the above described method, the estimation value of the rotation speed of the AC motor 202 is 
outputted. 

[0065] The instantaneous power failure re-start control circuit 21 1 stops the current control when the 

arbitrarily set time is passed, and because the speed estimation circuit 212 outputs the speed estimation value of 
the AC motor 202, it enters into the normal operation condition. When the condition is shifted from the DC voltage 
application condition to the normal operation, the frequency corresponding to the speed estimation value outputted 

^ from the speed estimation circuit 212 may be set in the electric power converter 201, however, when the voltage 

command which is the induced voltage corresponding to the rotation speed of the AC motor is given and started, there 
is a possibility that the over current flows to the AC motor 202, and thereby, the smooth start can not be 
conducted. In order to prevent this, the instantaneous power failure restart control circuit 21 1 controls that the 
output voltage of the V/f converter 8 is gradually increased until it corresponds to the normal induced voltage of the AC 

30 motor 202. 

[0066] In the above examples, it is considered that only the exciting current control circuit 206 is operated, 
however, only the torque current control circuit 205 may be operated, or neither current control circuits may also 
be operated. 

[0067] Further, even when the exciting current command value idref is given and the current control is not 
conducted, when the DC voltage is applied, because the same phenomenon is generated, the speed estimation and 
rotation direction detection become possible. 
[0068] Further, when no residual voltage exists, the exciting current command value idref may be in one 
direction, however, when the residual voltage exists, by the amplitude and phase of the residual voltage, because 
the movement in the case of the first time exciting current command value idref is changed, although the detection 
of the motor speed is possible, the rotation direction is detected in the case of the second time exciting current 
4° command value idref. 

[0069] Further, when the motor speed is high, by also utilizing the phenomenon that, in the case of the normal 
rotation, the exciting current detection value idfb advances more than the torque current detection value iqfb, and 
in the case of the reverse rotation, the exciting current detection value idfb delays more than the torque current 
detection value iqfb, the rotation direction can be detected. 

45 [0070] Further, the electric power conversion apparatus is described as the electric power conversion apparatus 
by which the vector control is conducted in such a manner that the current flowing in the AC motor 2 is separated 
into the torque current and the exciting current, and respectively controlled independently, however, in also the 
electric power conversion apparatus by which the V/f constant control is conducted, when the current control circuit 
by which the current flowing in the AC motor in the case of the instantaneous power failure, is separated into the 
torque current and the exciting current, and respectively controlled independently, is added, the present invention 

50 can be conducted in the entirely same process. Further, in the above embodiment, it is described as the operation in 
the instantaneous power failure re-start time, however, even when the AC motor is started when it is in the free run 
condition for a long period of time, the present invention can be conducted in the same processing as the above. 
[0071] When conducted in this manner, also when the residual voltage exists in the AC motor or not, because the 
speed of the AC motor can be estimated, there is an advantage that the re-operation can be conducted quickly and 

55 smoothly at the instantaneous power failure re-start time. 
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Industrial Possibility of Use 

[0072] As described above, according to the present invention, when the AC motor is in the free run condition, 
the current control is forcibly conducted so that the current of the AC motor is made zero, and on the base of the 
output voltage command signal to calculate by using the current control section output in this case, because the phase 
and angular velocity of the residual voltage of the AC motor are obtained, there is an effect that the phase and 
angular velocity of the residual voltage can be accurately measured, and the re-operation can be conducted quickly 
and smoothly at the instantaneous power failure re-start time. Further, when the phase and angular velocity of the 
residual voltage is obtained, because the previous speed signal is held in the holding circuit, and from the value 
to which the phase command signal is added, the phase and angular velocity of the residual voltage are obtained, 
there is an effect that the continuity of the phase command signal is maintained, and the mechanical shock and the 
trip of the variable speed control apparatus are prevented, and the stable operation can be conducted. 

Claims 

1. A control method of an AC motorcomprising: 

an electric power converter to output an electric power to an AC motor, and 

a current control section to control the output current of the electric power converter based on an 
difference signal of an output current detection signal of a current command signal and the electric power 
converter, wherein 

when the AC motor is in the free run condition, the current control is conducted by making the current 
command signal forcibly zero so that the current of the AC motor is made zero; and on the base of the output 
voltage command signal which is calculated by using the current control section output, the amplitude and 
phase and angular velocity of the residual voltage of the AC motor are found. 

2. A control method of the AC motor according to Claim 1 , wherein, when the amplitude and phase and angular 
velocity of the residual voltage of the AC motor are found on the base of the output voltage command signal, a 
signal holding means is provided, and from the addition value of the phase command signal just before the free 
run of the AC motor, and the phase signal of the output voltage command signal, the amplitude and phase and 
angular velocity of the residual voltage are found. 

3. A control method of the AC motor in which an arbitrary electric power is outputted to the AC motor by the 
electric power converter; the current to be supplied to the motor is detected by a current detection circuit; the 
current control circuit controls so that the given current command coincides with the current detection value 
detected by the current detection circuit; and the switching of the electric power converter is determined from 
the voltage command outputted from the current control circuit, the control method of the AC 

motor is characterized in that : a start control circuit controls so that the electric power converter is normally 
operated at the start, and the speed of the AC motor in the free run condition is estimated by a speed estimation 



4. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and calculates the voltage command by which the current detection value is made zero, by 
the current control circuit, and by the time change of the voltage command, the speed estimation circuit 
estimates the speed of the AC motor. 

5. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and calculates the voltage command by which the current detection value is made zero, by 
the current control circuit, and when its voltage level is lower than the set voltage level, after the DC current 
command of set level is applied for the set time period from zero, the current command is forcibly made zero 
again, by the current control circuit, the voltage command by which the current detection value is made zero, is 
calculated, and the speed estimation circuit estimates the speed of the AC motor. 

6. A control method of the AC motor according to any one of Claim 3, wherein the start control circuit forcibly 
makes the current command zero, and by the current control circuit, the voltage command by which the current 
detection value is made zero, is calculated, and when its voltage level is lower than the set voltage level, 

after the DC current control command of the set level is applied for a set time period from zero, the current 
command is forcibly made zero again, and by the current control circuit, even when the voltage command by which 
the current detection value is made zero, is calculated, when its voltage level is lower than the set voltage 
level, the speed estimation circuit estimates that the AC motor is stopped. 

7. A control method of the AC motor according to any one of Claims 1 to 6, wherein the start control circuit 
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forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and by the time change of the voltage command, the speed 
estimation circuit starts the AC motor by making the estimated speed of the AC motor and the amplitude and phase 
of the voltage command as the initial value. 

A control method of the AC motor according to any one of Claims 1 to 6, wherein the start control circuit 
forcibly makes the current command zero, and by the current control circuit, the voltage command by which the 
current detection value is made zero, is calculated, and by the time change of the voltage command, when the 
speed estimation circuit starts the AC motor by making the estimated speed of the AC motor and the amplitude and 
phase of the voltage command as the initial value, the amplitude of the voltage command outputted from the 
electric power converter is gradually increased until it becomes the voltage level corresponding to the normal 
induced voltage to the speed of the AC motor. 



9. A control apparatus of the AC motor, which has: an electric power converter to output an arbitrary electric 
power to the AC motor; current detection circuit to detect the current supplied to the motor; and current control 
circuit which controls so that the given current command coincides with the current detection vale detected by 
the current detection circuit, and in which the switching of the electric power converter is determined from the 
voltage command outputted from the current control circuit, the control apparatus of the AC motor is characterized 

15 in that it has the start control circuit, and the speed estimation circuit to estimate the speed of the AC motor in 
the free run condition. 

10. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 

20 detection value is made zero, and by the time change of the voltage command, the sped estimation circuit 

estimates the speed of the AC motor. 

11. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 
detection value is made zero, and when its voltage level is lower than the set voltage level, after the DC 

25 current command of the set level is applied from zero for set time period, the current command is forcibly made 

zero again, and by the current control circuit, the voltage command by which the current detection value is made 
zero, is calculated, and the speed estimation circuit estimates the speed of the AC motor. 



12. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 
detection value is made zero, and when its voltage level is lower than the set voltage level, after the DC 
current command of the set level is applied from zero for set time period from zero, the current command is 
forcibly made zero again, and by the current control circuit, even when the voltage command by which the current 
detection value is made zero, is calculated, when its voltage level is lower than the set voltage level, the 

speed estimation circuit estimates that the AC motor is stopped. 

13. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 
detection value is made zero, and by the time change of the voltage command, the speed estimation circuit starts 
the AC motor by making the estimated speed of the AC motor and the amplitude and phase of the voltage command 
as the initial value. 



14. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 
detection value is made zero, and by the time change of the voltage command, when the speed estimation circuit 
starts the AC motor by making the estimated speed of the AC motor and the amplitude and phase of the voltage 

45 command as the initial value, the amplitude of the voltage command outputted from the electric power converter is 

gradually increased until it becomes the voltage level corresponding to the normal induced voltage to the speed 
of the AC motor. 

15. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, calculates the voltage command by which the current 

50 detection value is made zero, and when the voltage command is larger than the set voltage level, by the time 

change of the phase of the voltage command, the speed estimation circuit estimates the speed of the AC motor, and 
as the initial value when the electric power converter is started, the amplitude and phase of the voltage command 
and the frequency corresponding to the speed estimation value of the AC motor are set, and it is started. 



55 



16. A control method of the AC motor which is characterized in that : it has an electric power converter to output 
the electric power to the AC motor, and the current control section by which the output current of the electric 
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power converter is controlled, according to the difference signal of the current command signal and the output 
current detection signal of the electric power converter, in which, when the AC motor is in the free run 
condition, the arbitrary DC current is supplied to the AC motor for a set time period, and the frequency 
component appeared in the output current detection signal of the electric power converter is detected, and from 
this frequency component, the speed of the AC motor is estimated. 

17. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when its voltage level is lower than the set voltage level, the DC current 
command of the set level or the DC voltage command of the set level is applied for a set time period from zero, 
and the speed estimation circuit detects the frequency component appeared in the current detection value, and 
estimates this frequency component as the speed of the AC motor, and as the initial value when the electric power 

10 converter is started, the frequency corresponding to the speed estimation value of the AC motor is set, and it is 

started. 

18. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 

15 command is changed from zero to the DC current command value of the set level, and supplied for a set time period, 

and after that, the sign and the amplitude of the current command are changed, and applied for a set time period. 
The control method of the AC motor which is characterized in that , at this time, the speed estimation circuit 
detects the frequency component appeared in the current detection value, and estimates this frequency component 
as the speed of the AC motor, and as the initial value when the electric power converter is started, the frequency 

20 corresponding to the speed estimation value of the A motor is set, and it is started. 

19. A control method of the AC motor according to Claim 3, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 
control is stopped, and the DC current command is applied for a set time period in the arbitrary direction, after 

25 that, the arbitrary amplitude current command is given in the direction in which the phase is changed by 1 80° 

from the command direction of the DC voltage, and the current control is conducted again for a set time period. 
The control method of the AC motor which is characterized in that , at this time, the speed estimation circuit 
detects the frequency component appeared in the current detection value, and estimates this frequency component 
as the speed of the AC motor, and as the initial value when the electric power converter is started, the 

3Q frequency corresponding to the speed estimation value of the AC motor is set, and it is started. 

20. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is larger than the set voltage level, by the 

time change of the phase of the voltage command, the speed estimation circuit estimates the speed of the AC motor, 
35 and as the initial value when the electric power converter is started, the amplitude and phase of the voltage 

command and the frequency corresponding to the speed estimation value of the AC motor are set, and it is started. 

21 . A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when its voltage level is lower than the set voltage level, the DC current 

40 command of the set level or the DC voltage command of the set level is applied for a set time period from zero, 

and the speed estimation circuit detects the frequency component appeared in the current detection value, and 
estimates this frequency component as the speed of the AC motor, and as the initial value when the electric power 
converter is started, the frequency corresponding to the speed estimation value of the AC motor is set, and it is 
started. 

45 

22. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 
command is changed from zero to the DC current command value of the set level, and supplied for a set time period, 
and after that, the sign and the amplitude of the current command are changed, and applied for a set time period. 

50 The control apparatus of the AC motor which is characterized in that , at this time, the speed estimation circuit 

detects the frequency component appeared in the current detection value, and estimates this frequency component 
as the speed of the AC motor, and as the initial value when the electric power converter is started, the 
frequency corresponding to the speed estimation value of the A motor is set, and it is started. 



55 



23. A control apparatus of the AC motor according to Claim 9, wherein the start control circuit forcibly makes the 
current command zero, and by the current control circuit, the voltage command by which the current detection 
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value is made zero, is calculated, and when the voltage command is lower than the set voltage level, the current 
control is stopped, and the DC voltage command is applied for a set time period in the arbitrary direction, after 
that, the arbitrary amplitude current command is given in the direction in which the phase is changed by 180° from 
the command direction of the DC voltage, and the current control is conducted again for a set time period. The 
control apparatus of the AC motor which is characterized in that , at this time, the speed estimation circuit 
detects the frequency component appeared in the current detection value, and estimates this frequency component 
as the speed of the AC motor, and as the initial value when the electric power converter is started, the 
frequency corresponding to the speed estimation value of the AC motor is set, and it is started. 
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